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This paper examines the functions, potential health risks, and regulation of chemicals 
present in the food supply that are not found on the ingredient list.  There are a number of types 
of chemicals found in food; seven categories have been selected for detailed discussion 
including: naturally-occurring chemicals, heavy metals, heat-formed compounds, processing 
aids, endocrine disrupters, packaging compounds, and pesticides.  For all categories, except 
pesticides, a particular chemical is highlighted, and these specific chemicals tend to be ones more 
frequently brought to public attention through ongoing research or health concerns.  The U.S. 
Food and Drug Administration regulation of chemicals in food is described with the scientific 
basis behind these regulatory decisions.  A key to understanding chemicals in food is the totality 
of research on potential health risks, and this state of the science should inform food risk 
communication.  A better grasp of why chemicals are in food and potential health effects would 
allow consumers to make more informed food choices and feel less fear regarding the food they 




 Chemicals are ubiquitous in daily life.  Food is one way in which individuals may be 
exposed to chemicals.  Though there are numerous chemicals present in the environment, the 
amount of a particular chemical will affect the potential health risk for an individual or 
population.  Trace amounts of chemicals are found in a variety of objects and consumers come 
into contact with them, often unknowingly, every day.  For example, scientific studies have 
shown that cocaine is detected on at least 67% of US paper currency in circulation (1, 2).  
However, the trace levels of cocaine found on currency are not significant enough to have a 
public health impact and are thus of little concern to the general population as well as to health 
professionals.   
 Consumers feel more affected by chemicals found in food given that food is ingested and 
therefore may have a higher likelihood of potential effects.  The International Food Information 
Council (IFIC) Foundation conducted consumer research that examined attitudes toward the 
safety of the food supply, including chemicals in food.  The IFIC Foundation’s 2011 Food and 
Health Survey, a nationally representative sample of 1000 adults in the US, asked “what, in your 
opinion, is the most important food safety issue today” (3).  Nine percent of respondents 
answered “chemicals in food” as the most important food safety issue, which ranked below 
foodborne illnesses from bacteria (50%) and imported foods (15%) (3).  The respondents who 
stated “chemicals in food” as the most important food safety issue further clarified their central 
chemical concern: 32% stated additives; 17% stated pesticides; and 16% listed chemicals in 
general or that there are too many chemicals in food (3).  This last response highlights some of 
the confusion regarding which chemicals are present in food and their corresponding function.  
Of the original 9% who responded that chemicals in food is the most important food safety issue, 
71% have not “made any changes in the past six months as a result of information [they] heard or 
read about chemicals in food” (3).  Of the remaining 29%, the changes that have been made 
include avoiding certain ingredients, buying more natural or organic foods, monitoring a food’s 
country of origin, growing their own food, and reading the food label (3).  This consumer 
research showed that chemicals in food are not necessarily a top of mind issue for most 
consumers and that many consumers who are already concerned about chemicals in food have 
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not made any dietary changes.  However, media outlets often report on an individual research 
study without employing risk communication strategies or using consumer-friendly language.   
Accurate, science-based knowledge regarding chemicals found in food may help assuage 
consumer concerns and alleviate confusion.  Anything that is unknown may lead to fear merely 
due to the fact that it is unfamiliar.  Health professionals should be equipped with knowledge 
regarding chemicals found in food and whether there are evidence-based health risks due to 
dietary exposure.  Particularly important to understanding chemicals in food and their effects is 
to examine the totality of the research, not merely an individual study.  This overall state of the 
science should be highlighted when discussing a specific chemical and emerging research should 
be considered in light of all current evidence (4).   
Federal agencies focus on evaluating the science available on chemicals that may be 
present in food and creating regulation according to their potential health risks.  The field of 
toxicology determines the magnitude of any potential risks and influences public policy and 
regulation regarding the safety of specific chemicals found in foods.  Toxicologists determine 
levels where there is reasonable certainty of no harm from a chemical found in food.  However, 
before understanding toxicological information, consumers may be unclear regarding the reasons 
why chemicals are present in food.  In fact, there are a myriad of ways that chemicals enter the 
food supply.  Food may incorporate chemicals as a result of agriculture practices (such as 
pesticide use), industrial processes (such as dioxins), and environmental contamination (such as 
mercury bioaccumulation in fish) (5).  Chemicals may also be found in food from other indirect 
sources, as a result of packaging compounds that have migrated into food (such as bisphenol A), 
from drugs given to animals (such as antibiotics), and byproducts of food processing (such as 
heat-formed compounds) (6).   
Though chemicals may be present in foods naturally, chemicals have also been 
incorporated into the food supply as the population increased, which corresponded with a 
decrease in the number of people that produce food.  By the year 2000, only 1.9% of the 
employed workforce in the U.S. worked in agriculture, down from 41% in 1900 (7).  Therefore, 
a significant amount of food must be produced by fewer individuals and subsequently 
transported across the country in a manner that is safe for consumption.  Additionally, there is a 
growing food security gap around the world.  In developing countries there is particular concern 
over the ability to have a safe, nutritious food supply.  Food processing is one method to increase 
the availability of food.  Processing has been done for centuries through cooking, fermentation, 
drying, and preservation with salt (8).  Today food can travel father, and there is a decrease in 
food spoilage due in part to chemicals added for processing, preservation, and nutrient 
supplementation which all contribute to a safe, healthy, and year-round food supply.   
 
  
Regulation – The U.S. Food and Drug Administration (FDA) 
The FDA is the main federal organization responsible for protecting the public’s health 
through overseeing the safety and efficacy of the food supply.  Federal agencies working in 
conjunction with the FDA include the U.S. Department of Agriculture (USDA), the Center for 
Disease Control and Prevention (CDC), and the U.S. Environmental Protection Agency (EPA).  
The FDA’s mission is to provide the public with regulation based on accurate, science-based 
information regarding food, food ingredients, and food contact substances (9).  The FDA 
provides multiple ways for a food or food additive to reach the marketplace in order to help meet 
demands for safety and efficiency.   
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A scientific safety analysis is always performed prior to a food entering the market.  
Different types of studies provide science-based conclusions on the safety of a chemical.  Ethical 
constraints limit the types of research studies that can be performed with human subjects, 
particularly toxicological studies.  Thus, animal studies are often the basis for determining 
potential health effects and the level at which a chemical may be present in foods.  The FDA 
looks for data from the following types of studies: short-term tests for genetic toxicity, 
metabolism and pharmacokinetic studies, short-term toxicity tests in rodents, sub-chronic (90-
day duration) toxicity tests with rodents and non-rodents, reproduction studies designed to 
induce any potential reproductive toxic effects to the participant or offspring, one-year toxicity 
tests with nonrodents, and chronic (lifetime duration – 2 years) toxicity and carcinogenicity 
studies with rodents (10).  The FDA provides industry with the recommended protocols that 
should be followed in these studies in the publication: Guidance for Industry and Other 
Stakeholders: Toxicological Principles for the Safety Assessment of Food Ingredients, Redbook 
2000 (11).  When there is any question regarding safety for the public health following the 
minimally required tests, additional tests will be performed by request of the FDA.  Animal 
studies also give the dose of the additive that produces adverse effects.  The most conservative 
estimate of a dosage at which a long-term adverse effect is seen will be the basis to determine an 
allowable dose for human consumption, which is an exposure level associated with no adverse 
effects (10).  The allowable dose for human consumption includes a safety factor of at least 100-
fold to account for the fact that the toxicity studies are conducted in animals and that individuals 
may be affected differently by a particular substance due to genetic or age differences, for 
example (10).  The FDA team of scientists is careful to ensure that the amount they predict could 
be consumed on a regular basis will not over the course of a lifetime result in a cumulative 
consumption at a level that is 1/100 of the level that may cause harmful effects.  
 The FDA errs on the cautious and thorough side of product regulation.  The FDA has 
specific definitions and procedures for certain chemicals or food ingredients.  New food 
additives are considered unsafe until rigorous scientific evidence has shown the ingredient to be 
safe for human consumption.  While the FDA’s oversight and funding is mandated by Congress, 
the impetus is on the industry to provide reasonable proof that a substance is considered safe 
(10).  One method for a new food additive approval involves the manufacturer presenting the 
FDA with all accumulated safety data, including data that may show the ingredient to be unsafe 
(10).  Industry is required to perform the safety tests so that the public does not incur the costs of 
performing tests on all prospective food additives.  The FDA’s evaluation of the data provided 
focuses on the amount of a substance that is likely to be consumed, the cumulative effect of 
consumption of this substance in all relevant products, and toxicological data pertaining to the 
safety of the additive (10).  The amount that is likely to be consumed, or the probable intake, is 
determined by examining the amounts of the additive that will be included in food products and 
the frequency that these foods will typically be eaten (10).  The FDA takes an approach erring 
toward an overestimation of the amount of an additive that may be consumed.  A team of FDA 
scientists, independent of the requesting organization, review the data presented to determine 
whether sufficient evidence exists to support the safe use of a new additive.  This ruling deems 
that the substance has “reasonable certainty of no harm” to the health of an individual consuming 
this substance as intended (10).  Importantly, Section 409(c)(3)(A), otherwise known as the 
Delaney Clause, states that an additive cannot be considered “safe if it is found to induce cancer 
when ingested by man or animal” (12).  Food additives must also be shown to be safe for 
populations of all ages, including pregnant and lactating women.  If certain subpopulations may 
   
5 
 
be adversely affected, the FDA has mandated a labeling requirement to alert those individuals 
(10).  The data, including toxicology tests, that is submitted by the industry is available to the 
public through a Freedom of Information Act request (10).  In addition to tests for toxicology 
and safety for the general public, new additives will be tested for any allergic potential or 
possible negative health impact brought to light in prior testing (10).  The FDA may also request 
additional studies from the petitioning organization based off ambiguous findings in previously 
submitted studies.  
 Another method for approval of a new food additive is to acquire generally recognized as 
safe (GRAS) status.  “Under sections 201(s) and 409 of the Federal Food, Drug, and Cosmetic 
Act (the Act), any substance that is intentionally added to food is a food additive, that is subject 
to premarket review and approval by FDA, unless the substance is generally recognized, among 
qualified experts, as having been adequately shown to be safe under the conditions of its 
intended use” (13).  A substance may qualify as GRAS if it has been commonly used in food 
consumed by the public since before 1958 (13).  The FDA requires that substances acquiring 
GRAS status meet the same quality and quantity of scientific evidence as all other additives (13, 
14).  This scientific evidence must be available in published studies that experts in the field 
accept.  One major distinction between approval for use through the GRAS process and the FDA 
evaluation of food additives described above is that manufacturers of a substance can determine 
that it meets GRAS eligibility independent of the FDA (14).  Still, the FDA has legal recourse if 
they disagree with the manufacturer’s judgment that there is adequate, widely known and agreed 
upon scientific evidence among experts in the field on the safety of a particular substance (14, 
15).  In summary, GRAS ingredients’ safety information is considered common knowledge, is 
publically available and has consensus of safety among scientific experts.   
 Requirements for components that need to be designated in the ingredient list are 
compiled by the FDA.  A component present in a food product does not need to be declared in 
the ingredients list if it is only present in a trace amount and has no function or technical effect in 
the food (16).  Thus, many chemicals that are present in the food supply are not readily known to 
the consumer because they are often not listed in the ingredient label.   
The FDA is focused primarily on premarket approval of the safety of food additives and 
other chemicals in food.  However, Congress requires that any adverse health reactions that have 
reasonable probability of being the result of exposure to an approved substance be reported to the 
FDA.  Besides this self-reporting, there is no system of review in place to reevaluate substances 
already in the marketplace.   
 
 
Chemical Categories  
 There are a number of different types of chemicals that are commonly found in the US 
food supply.  These categories include naturally-occurring chemicals, heavy metals, heat-formed 
compounds, processing aids, endocrine disrupters, packaging compounds, and pesticides.  These 
categories are not distinct; many chemical compounds fall into at least one category.  For 
example, mercury is both naturally-occurring and a heavy metal, and bisphenol A is both an 
endocrine disrupter and a packaging compound.  These categories are broad and comprise 
various chemicals that have distinct functions and varying potential risks for the population.  
Naturally-occurring chemicals are present in the environment and may be found in soil, water 
and/or air.  These range from chemicals found in their elemental state to products formed from 
spontaneous chemical reactions.  Heavy metals are required for biochemical processes in the 
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body but often have toxic effects at high intakes.  Heavy metals also are present naturally in the 
environment though modern and industrial processes contribute to their presence.  Heat-formed 
compounds may be produced naturally in the environment or may be formed through industrial 
processes.  Processing aids are commonly used in the modern food system though their presence 
in food is insignificant.  Processing aids perform a variety of functions including limiting 
microbial growth, washing agricultural commodities, and controlling pH.  Endocrine disrupters 
may also occur naturally or through man-made processes, and these chemicals affect the 
endocrine system which regulates hormones, growth, metabolism and sexual development.  
Packaging compounds, which are considered food contact substances by the FDA, are common 
in our modern food system and allow safe transport and storage of food.  The use of packaging 
compounds helps to reduce microbial growth and consequently the incidence of foodborne 
illness.  Chemical pesticides range from herbicides to insecticides and help control the growth of 
unwanted pests to increase crop yield.  Chemicals in food often are present naturally in the 
environment and therefore naturally in food.  Chemicals that are added to food during various 
phases of the food production process perform specific functions that contribute to the modern 
food supply.   
 
Naturally-occurring chemicals 
 Numerous chemicals found in food are naturally occurring in the environment or are 
produced spontaneously through natural processes.  Arsenic, for example, is present in natural 
deposits in soil and therefore may be present in water or foods.  However, arsenic may also enter 
the food supply from industrial wastes or pesticides (5).  Rocks may naturally contain fluoride, 
and the weathering of rocks releases fluoride which can be leached from the soil into 
groundwater (5).  Additionally, erosion of natural deposits of other metals leads to their presence 
in soil and water.  Examples of these metals are barium, cadmium, chromium, copper, lead, 
mercury, and selenium (17).  Many of these metals also enter the environment through industrial 
practices where they may subsequently be found in soil and water and thus the food supply.  
Additionally, natural chemical reactions that occur spontaneously may produce chemicals, such 
as some heat-formed compounds, that are then found in the food supply.   
 
Heterocyclic Amines and Polycyclic Aromatic Hydrocarbons 
Naturally-occurring chemicals include certain heat-formed compounds, such as 
Heterocyclic Amines (HCAs) and Polycyclic Aromatic Hydrocarbons (PAHs).  HCAs and PAHs 
may be produced when a food is cooked at high temperatures (above 300⁰F), which often occurs 
when pan frying or grilling over an open flame (18).  Specifically, HCAs are formed due to a 
chemical reaction between amino acids, sugars, and creatine found in meat (18).  HCAs are also 
more prevalent in meats that have cooked for a longer duration.  PAHs are formed during the 
grilling or smoking of meat.  When fat and juices from meat drip onto a direct open fire, the 
resultant flames carry PAHs that can adhere to the meat; thus PAHs are likely to be formed when 
meat is smoked or charred (18).   
In rodents, HCAs and PAHs have had mutagenic properties which have been associated 
with increased risk for cancer (18).  The doses of HCAs and PCAs that were given to rodents in 
these studies were significantly higher than the amount an individual would typically consume 
over a lifetime (18).  In humans, HCAs and PAHs may be bioactivated in the body by specific 
enzymes which may subsequently damage DNA and increase risk of cancer (18).  Genetic 
differences may affect the association of these heat-formed compounds and cancer risk.  
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Epidemiologic studies have shown associations between high dietary intake of well-done, fried 
or grilled meats and increased risk of colorectal, pancreatic, and prostate cancer (18).  HCAs and 
PAHs in meats may be reduced through consumer practices such as avoiding prolonged cooking 
time over an open flame, continuously turning meat over during grilling or smoking, and 
physically removing charred areas from meat.   
 
Heavy metals 
 Heavy metals are a type of chemical that is found in the food supply.  Some of these 
metals are nutritionally referred to as minerals and are required for biochemical processes 
essential to human life.  These metals are present naturally in the environment and may also be 
present as a byproduct of industrial processes that have caused air, water and soil pollution.  
Potential risk from heavy metal exposure often depends on the chemical form of the metal, 
whether the metal was ingested or inhaled, and the bioaccumulation of the substance in certain 
tissues (19).  Heavy metals that are of concern in the food supply include arsenic, cadmium, 
copper, lead, mercury, selenium and chromium.   
 
Mercury 
Mercury primarily enters the environment through byproducts from industrial processes 
where it subsequently reacts to form methylmercury (5).  Methylmercury’s main health effects 
are nervous system damage and impaired neurological development, which is of particular 
concern for infants and fetuses as it can pass through the placenta (20, 21).  According to the 
EPA, research studies with humans have not shown an association between mercury exposure 
and cancer, though animal studies have shown a positive association (20).  Most individuals have 
levels of mercury in their blood and/or urine, but the levels are below that which causes negative 
health outcomes (21).   
The main exposure of mercury through food is due to the bioaccumulation of 
methylmercury in fish and shellfish.  Consequently, the FDA has issued recommendations 
regarding fish and shellfish consumption for populations that are particularly vulnerable to high 
levels of mercury (22).  These specific populations are women who may become pregnant, 
pregnant women, nursing mothers, and young children.  The FDA recommends that these 
individuals do not consume shark, swordfish, king mackerel, or tilefish because each of these 
four fish bioaccumulate higher levels of methylmercury than other fish or shellfish.  However, 
because of the health benefits of fish, these vulnerable populations are still encouraged to 
consume up to 12 ounces of a variety of low-mercury fish each week.   
 
Heat-formed compounds 
Heat-formed compounds are chemicals that are produced at high temperatures.  These 
compounds may result through natural processes or during food processing, such as heterocyclic 
amines or acrylamide, respectively (18, 23).  Potential health risks also vary for different heat-
formed compounds.   
 
Acrylamide 
Acrylamide is a chemical that was originally identified in 1994 as potentially harmful and 
subsequently listed by the International Agency for Research on Cancer as “probably 
carcinogenic to humans” (23).  Initial concern for acrylamide was due to findings of toxic and 
tumor-producing metabolites in rodent studies (23).  At this point, acrylamide was only known as 
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an occupational hazard and limits to exposure were set for industrial workers and in drinking 
water (23). 
In 2002, scientists discovered that acrylamide could be formed during the heating of 
certain types of foods (24).  Acrylamide is formed naturally in food during the cooking process 
through a heat-induced chemical reaction between the amino acid asparagine and sugars such as 
glucose and fructose (25).  This heat-induced reaction occurs during frying or baking during 
home cooking or food processing.  The Maillard reaction which leads to the natural browning 
and the appealing flavor change of sugar-containing foods during heating also produces 
acrylamide as a byproduct.  Foods that may contain acrylamide are French fries, potato chips, 
cookies, crackers, breakfast cereals, toasted bread, and coffee (25).  Animal studies that showed 
an association between acrylamide and cancer provided positive associations of incidence of 
cancer in rodents only at doses at least three times higher than would be consumed by humans 
through diet (23).  Lower doses of acrylamide did not cause increased cancer risk in rodent 
studies (23).   
Subsequent epidemiological studies examined a dietary intake-disease relationship for 
acrylamide to determine whether there is a public health concern regarding this heat-formed 
chemical that was now known to be in the diet (23).  As reported in the media, mixed results 
have been seen, with a majority of studies reporting no statistically significant results (23).  A 
2011 scientific review and meta-analysis of epidemiologic studies examining dietary exposure to 
acrylamide and cancer in humans found that there is generally no significant increase of risk for 
cancer based on intake of foods where acrylamide is present (23).  Few studies showed positive 
associations but were often counterbalanced by similar studies showing no association, thus 
resulting in no association in the meta-analysis (23).  Further studies are recommended based on 
the following results from the meta-analysis of a slight increased risk for kidney cancer based on 
dietary intake of acrylamide (23).  Other associations with acrylamide that merit further research 
are breast cancer in women, endometrial and ovarian cancer in individuals who have never 
smoked, and esophageal and pancreatic cancer in obese individuals (23).  Another angle to 
reduce acrylamide exposure was recently funded by the USDA for the University of Wisconsin 
to develop new potato varieties that could result in processed potato products that would have 
reduced acrylamide levels (26).  Still, FDA scientists have found that acrylamide is unlikely to 
have carcinogenic effects at the levels found in human food consumption (25).   
 
Processing aids 
Processing aids do not have a technical or functional effect in a final food product.  They 
are present in an insignificant amount and are not required to be listed on the ingredient label.  
The three types of substances that the FDA defines as processing aids are as follows:  
 
“(a) Substances that are added during the processing of a food but are 
removed in some manner from the food before it is packaged in its finished 
form.  
(b) Substances that are added to a food during processing, are converted into 
constituents normally present in the food, and do not significantly increase 
the amount of the constituents naturally found in the food.  
(c) Substances that are added to a food for their technical or functional effect 
in the processing but are present in the finished food at insignificant levels 
and do not have any technical or functional effect in that food.” (27).   





 Since 1974, the chemical compound ammonium hydroxide has been an approved 
processing aid by the FDA through the GRAS process (28).  Ammonium hydroxide is approved 
for use as a leavening agent, pH control agent, surface-finishing agent, boiler water additive, and 
feed additive (29).  A surface-finishing agent is defined by the FDA as a substance “used to 
increase palatability, preserve gloss, and inhibit discoloration of foods” (30).  As a pH control 
agent, ammonium hydroxide increases alkalinity.  The FDA concluded that there is not a 
reasonable risk of harm to public health by the current or expected use of ammonium hydroxide 
in food processing in accordance with industry standards of good manufacturing practice (28).  
Ammonium hydroxide is most commonly used in meat processing.  Microbial contamination of 
beef carcasses occurs during the slaughtering and processing in factories.  The beef industry 
focuses on microbial decontamination through various processes, including the addition of 
ammonium hydroxide (31).  Research on ammonium hydroxide washes shows a decrease in the 
total number of both aerobic and Gram-negative bacteria present in ground meat (32).  
Additionally, steaks and whole meat cuts washed with ammonium hydroxide also display lower 
bacterial counts (33, 34).   
The anti-microbial action of ammonium hydroxide occurs through ammonium’s toxic 
effects to bacteria as well as through a change in pH.   Ammonium hydroxide is particularly 
effective in controlling growth of gram negative bacteria which includes Escherichia coli 
O157:H7 and Salmonella (34).  Ammonium hydroxide, besides being used for microbial control 
as a carcass wash, is utilized as a brine injection for whole meat cuts.  Sodium phosphate has 
been traditionally used as a brine injection, but research on ammonium hydroxide shows similar 
properties of retarding discoloration, reducing microbial growth, and reduction of water loss (33, 
34).  A benefit of ammonium hydroxide brine injections, as opposed to the traditionally used 
sodium phosphate, is that extra sodium is not added to the meat cut and the product can be 
phosphate-free.   
 
Endocrine disrupters 
Endocrine disrupting chemicals are defined by the U.S. Environmental Protection 
Agency as “an exogenous agent that interferes with synthesis, secretion, transport, metabolism, 
binding action, or elimination of natural blood-borne hormones that are present in the body and 
are responsible for homeostasis, reproduction, and developmental process” (35).  These types of 
chemicals may occur naturally or may be synthetic, for example phytoestrogens or bisphenol A, 
respectively (35).  The effects of these chemicals vary widely and are impacted by the age an 
individual is exposed. Potentially, the worst effects for exposure are in utero because this is a 
critical developmental period.  This is also a difficult type of chemical to characterize potential 
health effects because an individual may experience effects years after exposure.   
 
Dioxins 
Dioxins are one type of endocrine disrupting chemical which individuals are exposed to 
through their diet.  Dioxins encompass a group of related chemical compounds with chlorinated 
dibenzo-p-dioxins and chlorinated dibenzofurans being most commonly found in the U.S. (36).  
Historically, dioxins were released by industrial sources, but the EPA reports that this pollution 
has declined by 80% since the 1980s (37).  Currently dioxins are produced primarily as 
byproducts during the burning of waste and other fuels including from forest fires (36, 37).  
   
10 
 
However, dioxins are ever-present in the environment due to releases of these chemicals over 
past decades and the subsequent slow decomposition rate.  Scientists have measured trace 
amounts of dioxins in most soil and water samples (37).  Dioxins concentrate in organisms 
higher in the food chain.  Dietary intake of dioxins occurs mainly through high-fat foods 
including dairy products, eggs, fish, animal fats and, for infants, breast milk (37).  The USDA’s 
Food Safety and Inspection Service monitors and tests for dioxin levels in foods that are known 
to have a higher probability of dioxin contamination, and the FDA’s Total Diet Study also 
examines dioxin levels (36).   
Potential health effects of dioxins include both estrogenic and antiestrogenic effects.  
Dioxins have been associated with altered breast development, susceptibility for breast cancer 
and altered male reproductive development in animal models (35, 37).  It is particularly difficult 
to extrapolate the effects of dioxins on humans by using animal studies since different species 
have varying sensitivities to different types of dioxins (37).  However, the most harmful dioxin 
for humans is 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD), a known carcinogen (37, 38).    
For the same reasons dioxins are found in fatty foods, they also bioaccumulate in fatty 
tissues in humans.  The human body will slowly rid itself of dioxins through metabolism (36).  
The most effective way to reduce dioxin level according to the FDA is to reduce dietary intake of 
dioxins since diet presents the most common source of dioxins in the body (36).  Thus 
consuming fewer animal fats in the diet should result in less exposure to dioxins.  However, the 
FDA does not recommend completely avoiding any particular foods as essential nutrients may be 
lost (36).  To reduce intake of dioxins through animal products, the consumer may cut off visible 
fat or broil meats.  The U.S. Environmental Protection Agency continues to work to reduce 
production of dioxins that could enter the food and water supply (36).   
 
Packaging compounds 
The FDA closely monitors substances that are used in packaging and may come in 
contact with food.  Regulatory reports delve into guidelines of the safety assessments for Food 
Contact Substances (FCSs).  Prior to being marketed to the public, newly developed FCSs must 
be approved by the FDA through a notification process by the manufacturer (14, 39).  The 
industry is responsible for submitting all toxicological, chemical and environmental studies and 
information so that the FDA can determine whether they agree with the safety of this substance 
(14, 39).  As with food ingredients and additives, carcinogenic potential of FCSs is examined.   
 
Bisphenol A 
Bisphenol A (BPA) is used in the formation of polycarbonate plastic and epoxy resins 
that comprise food storage containers, lining of cans used for food products, and on metal lids for 
containers to prevent food contact with the metal surface (6).  BPA may become present in foods 
stored in these types of containers through chemical migration by leaching out into the food or 
beverage.  Leaching of BPA is even more of a concern if the temperature is raised, which could 
occur through microwaving or washing.  BPA affects humans as an endocrine disrupter that may 
mimic estrogen’s effects on the body (6).  There have been numerous studies, both animal and 
human, examining health outcomes that may be associated with BPA exposure (40).  Though 
findings are often mixed, health outcomes found include neurochemical changes, behavior 
changes, reproductive abnormalities, hormone dysfunction, immune disorders, increased growth 
rate and early sexual maturation (40).    
   
11 
 
The FDA has been monitoring BPA since the 1960s (41).  Historically, the standard 
testing procedures to determine the safety of BPA that have been used globally by regulatory 
agencies have “supported the safety of current low levels of human exposure to BPA” (41).  
Recently researchers have begun to use different approaches to test potential effects of BPA 
exposure at very low doses which have resulted in mixed findings (41).  There has been 
increased concern over the effect of low levels of exposure to BPA, particularly for high risk 
populations.  Specifically, in 2008 the National Institutes of Health’s National Toxicology 
Program (NTP) reached the following conclusions of potential effects of BPA exposure:   
 
“The NTP has some concern for effects on the brain, behavior, and prostate 
gland in fetuses, infants, and children at current human exposures to 
bisphenol A.   
The NTP has minimal concern for effects on the mammary gland and an 
earlier age for puberty for females in fetuses, infants, and children at current 
human exposures to bisphenol A.   
The NTP has negligible concern that exposure of pregnant women to 
bisphenol A will result in fetal or neonatal mortality, birth defects, or reduced 
birth weight and growth in their offspring.   
The NTP has negligible concern that exposure to bisphenol A will cause 
reproductive effects in non-occupationally exposed adults.” (42). 
 
In response to this report, the FDA’s National Center for Toxicological Research and the 
NTP are currently conducting additional research examining potential effects of BPA exposure, 
particularly in high risk populations (41).  In the meantime, the FDA has worked with industry 
and the Department of Health and Human Services (DHHS) on reducing exposure to BPA for 
infants.  These tactics include support of the industry’s efforts to halt production of infant 
feeding bottles that contain BPA and research toward alternatives for linings of cans (41).  
Additionally state legislatures have proposed bans on children’s products that contain BPA, 
including infant feeding bottles (40).  DHHS has released guidance for parents wishing to reduce 
their infant’s exposure to BPA.  These recommendations for containers that are made with BPA 
include discarding bottles and feeding cups that are scratched, avoiding pouring very hot liquids 
into bottles, and not heating bottles in the microwave (43).  For a full list of the 
recommendations, visit http://www.hhs.gov/safety/bpa/.   Additionally, the FDA is working to 
adjust regulation of food contact substances, such as BPA, to allow for more modern regulatory 
oversight (41).  The NTP created a handout on bisphenol A that is particularly helpful while 
scientists continue to follow up on research on this chemical and resolve current uncertainties 
that could impact federal regulation.  The handout may be found at 
http://www.niehs.nih.gov/health/assets/docs_a_e/bisphenol-a-factsheet.pdf.  
While the FDA undergoes studies on BPA to examine and clarify their concern regarding 
safety for all populations, recent research has continued to reveal inconsistencies.  One 
challenging issue is that BPA exposure is not limited to diet through the migration from food 
packaging products, but BPA is also a compound in the commonly used thermal receipts leading 
to human exposure through inhalation or dermal absorption (44).  One recent study from October 
2011 found that gestational BPA exposure was associated with increased anxiety, hyperactivity 
and depressive behaviors in young children, particularly girls (44).   However, this association is 
questioned based on the use of spot urine samples and the body’s metabolism of dietary BPA 
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(45).  Absorption of BPA is quickly eliminated in the urine through efficient kidney function at a 
rate of 84-97% within 5-7 hours and up to 100% within 24 hours (45).  Therefore spot urine 
samples show recent BPA exposure in the past few hours rather than modest to long term 
exposure which may affect extrapolation of spot urine levels to realistic BPA exposure over a 
day, year or lifetime (45).  Given concern about endocrine disruption effects, researchers 
conducted a study where they found that when individuals were given a higher than normal 
dietary intake of BPA, serum concentrations of BPA remained undetectable in 83% of serum 
samples and none of the samples approached the limit of detection (45).   
 
Pesticides 
 A pesticide is defined by the U.S. Environmental Protection Agency as a substance that is 
designed to prevent, repel or destroy any pests which includes insects, weeds, bacteria, fungi and 
rodents (46, 47).  Thus, pesticides may fall into the broad categories of herbicides, insecticides 
and fungicides.  Pesticides are used throughout agriculture practices in the U.S., and their use has 
substantially improved crop yield and the abundance of fruits and vegetables available for public 
consumption.  If used improperly, pesticides can cause harm to the environment, animals and 
humans.  The EPA regulates pesticides for public health impacts ensuring that pesticides “do not 
pose unintended or unreasonable risks to humans, animals, and the environment” (48).  The EPA 
maintains a registration list of approved pesticides and reviews these chemicals approximately 
every 15 years for public health safety (48).  The EPA also sets maximum pesticide residue 
levels for pesticides that are used on foods establishing a tolerance level (47, 49).  The EPA 
ensures that the same safety regulation used by the FDA of “reasonable certainty of no harm” is 
followed with regard to potential pesticide effects in consumers (49).  The EPA strives to ensure 
that individuals will not face unreasonable health or safety risk by consuming pesticide-treated 
foods.  As with other chemicals found in food, numerous toxicity tests are completed looking at 
short-term and long-term cumulative effects of potential health risks of pesticide use (50).  The 
FDA and USDA monitor and enforce the pesticide levels set by the EPA that are found on 
agricultural commodities and food products.   
 Media coverage in the U.S. regarding pesticides has been on the rise in the past decade 
fueled in part by the Environmental Working Group (EWG), an advocacy organization.  Each 
year the EWG examines the most popularly consumed fruits and vegetables in the US for 
pesticides.  The EWG’s methodology states that “contamination was measured in 6 different 
ways: percent of samples tested with detectable pesticides, percent of samples with two or more 
pesticides, average number of pesticides found on a single sample, average amount (level in parts 
per million) of all pesticides found, maximum number of pesticides found on a single sample, 
[and] total number of pesticides found on the commodity” (51).  This methodology leads to 
conclusions based on the potential presence of pesticides with the presence of multiple pesticides 
given greater weight.  However, this methodology is not peer-reviewed.  It is not an established 
scientific procedure for toxicology nor does it take into account exposure estimates for pesticides 
(52).  A counter study calculated an individual’s probable daily exposure to pesticides over a 
lifetime based on USDA food consumption data and found that all pesticide exposure estimates 
were significantly lower than the EPA’s chronic reference doses (52).  The EPA chronic 
reference dose (Rfd) for a specific pesticide is an estimate of the amount of that pesticide that an 
individual could be exposed to every day of that person’s life with reasonable certainty of no 
harm (52).  This study examined the ten most frequently detected pesticides on each of the 
twelve fruits or vegetables identified as the most contaminated by the EWG (52).  The findings 
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showed that the highest exposure estimate was for one pesticide found on bell peppers which 
was estimated at 2% of the RfD (52).  Additionally, only 5.8% of exposure estimates were 
between 0.1% and 1% of the RfD, and 75% of the exposure estimates were below 0.01% of the 
RfD with 40.8% of exposure estimates below 0.001% of the RfD (52).   
  
  
Risk Communication  
 Consumers often express fear and confusion regarding chemicals that are present in the 
food supply.  Health professionals should be knowledgeable of science-based information on 
chemicals in food and equipped to effectively communicate potential risk without creating 
additional fear.  Proper risk communication is particularly important due to media coverage of 
individual chemicals, which is often based on singular research studies.  The public then 
performs its own risk analysis of a chemical often using both logic and emotion.  The emotional 
aspect of food is vital because chemicals or contaminants in food may be characterized by the 
consumer as poisonous.  Individuals may also be responsible for purchasing or preparing foods 
for others which increases their responsibility to provide safe, healthy food.  Health professionals 
must ensure that their communication of food risk is based on data and not intuition.   
 Because many media stories revolving around chemicals in food center on a single, 
recently released scientific publication, the Harvard School of Public Health in conjunction with 
the IFIC Foundation developed guidelines for communicating this emerging science to enhance 
public understanding and dispel undo concern.  These guidelines are applicable to explaining a 
study firsthand as well as evaluating whether others have accurately understood and critically 
considered this research (53).  Questions to examine include whether the study findings have 
been put into context and been peer-reviewed (53).  For studies examining the safety of 
chemicals in food, the amount of the substance is of heightened importance and one should 
determine whether the potential health outcome is associated with an amount that is reasonably 
consumed by an individual (53).  Additionally, health professionals should provide credible 
resources where consumers may acquire additional information.  Above all, food risk 
communication should remain based in the totality of research, and new studies should be 




There are a myriad of ways that chemicals which are not found on the ingredient list 
become present in the food supply.  Due to the natural occurrence of certain chemicals or their 
presence in the environment, the food supply will always contain chemicals that pose potential 
health risks.  The FDA, USDA, EPA, and CDC are tasked with looking out for the health of the 
public.  The FDA’s regulatory process is focused on preventing harmful chemicals from entering 
the food supply.  Chemicals intentionally added to foods or present during processing have been 
shown to cause reasonable certainty of no harm.  All chemicals that go through the FDA process 
have designated functions in food processing or the final food product, and an understanding of 
these functions may assuage consumer concern regarding chemicals in food.  Proper food risk 
communication strategies will enhance public understanding of the presence of chemicals in the 
food supply.  With regard to exposure risk to chemicals in food, the FDA maintains a 
recommendation that consumers eat a balanced diet, choosing a variety of foods (25).   
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